An environmental scorecard is being developed to determine the tradeoffs associated with implementing low impact drilling technology in environmentally sensitive areas. The scorecard will assess drilling operations and technologies with respect to air, site, water and biodiversity issues. Low environmental impact operations will reduce the environmental footprint of operations by the adoption of new methods to use in (1) getting materials to and from the rig site (site access), (2) reducing the rig site area, (3) using alternative drilling rig power management systems, and (4) adopting waste management at the rig site.
INTRODUCTION
The Houston Advanced Research Center (HARC) and Texas A&M University through the Global Petroleum Research Institute (GPRI) have been collaborating with industry and environmental organizations to integrate and demonstrate current and new technology into land-based drilling systems for compatibility with environmentally sensitive or off-limits areas. The Environmentally Friendly Drilling Systems (EFD) Program is taking a systems approach to the integration of currently known but unproven or novel technology in order to develop drilling systems that will have very limited environmental impact and enable moderate to deep drilling and production operations and activity with reduced overall environmental impact.
The EFD Program is identifying and providing the technology to successfully produce shale gas and tight gas sands while appropriately addressing environmentally sensitive issues. The project focuses on developing drilling technologies that can be used throughout the U.S., in particular, unconventional natural gas resources as illustrated in Figure 1 and Figure 2 .
The work described in this paper is focused on the development of a methodology to determine environmental tradeoffs that are related to such issues as air, water, site, and biodiversity. This methodology was developed through a series of workshops to identify what needs to be measured and how the measurements should be made to determine environmental tradeoffs. Workshops were attended by representatives from government, academia, industry and various environmental organizations.
Why create something called "Environmentally Friendly Drilling"? Because new technology will help meet the U.S. energy needs for the next century at the same time we reduce the environmental "footprint" of oil and gas operations.
Exploration and production companies are aware that minimizing their environmental footprint is crucial to reducing environmental liabilities, controlling operational costs, and encouraging public acceptance for the sustainable development of the U.S. natural resources. There are certain restrictions for habitat protection, and in some cases complete prohibitions, that prevent drilling in many sensitive areas in the continental United States. Stakeholders desire to improve energy independence and to understand the environmental tradeoffs necessary to secure energy.
Sustainable development of petroleum resources requires careful monitoring and operations over the life cycle of a development, from the initial planning through decommissioning and site restoration. According to the recent National Petroleum Council's recommendations, access to indigenous resources is essential for reaching North America's full supply potential. New discoveries in mature North American basins represent the largest component of the future supply outlook. However, the trend towards increasing leasing and regulatory restrictions in the Rocky Mountain region the U.S. Coastal /Margins and the Outer Continental Shelf (OCS) is occurring in precisely the areas that hold significant potential for natural gas production. 1 The NPC evaluated the effect of removing the OCS moratoria and of reducing the impact of conditions of approval on the Rocky Mountain areas -a potential addition of 3 BCF/D by 2020. This represents more than 25% of the projected growth in natural gas needs of the U.S. by 2020. 2 Land-use policies of federal, state, and local governments have not kept pace with technological advances that allow for exploration and production while protecting environmentally sensitive areas. Technical advances have reduced the number and size of onshore drilling sites and production facilities. The federal government has continued to set federal lands off-limits to development through legislation, executive orders, and regulatory and administrative decisions without acknowledging these advances.
According to the Texas Independent Oil and Gas Association, "New technology developed by industry, universities and the Department of Energy is needed to help industry meet our members' goal of producing oil and gas in a safe and environmentally acceptable manner; especially when operating in environmentally sensitive areas." The Independent Petroleum Association of America (IPAA) has consistently stated to Congress that access to more Federal Lands is the primary way to increase domestic oil and gas production. Many of these areas are on Federal Lands currently off-limits to drilling primarily because regulators, Congress and the environmental community are not convinced that technology is sufficient to develop these resources without adversely impacting the environment. While there may be technologies available to accomplish environmentally acceptable drilling, they have to be proven to be accepted. In response to this need, this project team will work with government, industry, academia and public organizations to identify, develop, and provide industry with the tools to develop needed energy supplies.
The Bureau of Land Management (BLM), and the Forest Service (FS), is responsible for ensuring compliance with the National Environmental Policy Act (NEPA). During the review of development proposals that encompasses multiple wells in a specific area, the BLM, the surface management agency, or the agency's or operator's environmental contractor conduct an environmental analysis and prepare an environmental document in conformance with the requirements of NEPA and the regulations of the Council on Environmental Quality (CEQ). Regardless of which agency, entity, or individual prepares the environmental analysis document, the BLM (and FS, for actions on National Forest System lands) must concur with the content prior to issuing a decision document. In the case of National Forest System lands, where the environmental analysis is conducted jointly with the BLM, each agency issues its own decision. The extent of the environmental analysis process and the time frame for issuance of a decision depend upon the complexity of the proposed action and resulting analysis, the significance of the environmental effects disclosed, and the completion of appropriate consultation processes.
Policies concerning biofuels, fossil fuels and greenhouse gases are being discussed and debated across America. A recent edition of Science summed up their view about the issues as follows 3 :
'If the prime object of policy on biofuels is mitigation of carbon dioxide-driven global warming, policy-makers may be better advised in the short term (30 years or so) to focus on increasing the efficiency of fossil fuel use, to conserve the existing forests and savannahs, and to restore natural forest and grassland habitats on cropland that is not needed for food. In addition to reducing net carbon dioxide flux to the atmosphere, conversion of large areas of land back to secondary forest provides other environmental services (such as prevention of desertification, provision of forest products, maintenance of biological diversity, and regional climate regulation), whereas conversion of large areas of land to biofuel crops may place additional strains on the environment. For the longer term, carbon-free transport fuel technologies are needed to replace fossil hydrocarbons.'
Scharlemann and Laurance have concluded that production of various biofuels, including U.S. corn ethanol and soy diesel, Brazilian sugarcane ethanol and soy diesel, and Malaysian palm-oil diesel, have sacrificed natural forest and grassland habitats on cropland that is being converted to energy biomass fuels. The authors recommend against such conversion.
Preventing loss of habitat provides other environmental services (such as prevention of desertification, provision of forest products, maintenance of biological diversity, and regional climate regulation) and avoids the biomass environmental impact costs that represent greater costs than do fossil fuels. 4 Conservative estimates of the near term impact of the adoption of low impact drilling technology would increase the immediately accessible resources by more than 10%, just in the Texas Gulf Coast. The Chairman of the General Land Office Jerry Patterson 5 estimated the state's Permanent School Fund received more than $450 million dollars in revenue in 2006. Future revenues will include more than $104 million in royalties from its share of gas production from gas wells on Padre Island. These funds will add to the $22 billion in the Permanent School Fund, royalties from 13 million acres where the state retains an interest in the mineral rights, land office officials said.
Having a program that has the potential to "lighten the impact" of gas drilling in environmentally sensitive areas such as coastal margins, National Forests and Parks and other public lands is extremely important. Gas leases beneath many of state and national parks and public lands are owned by private companies, not the government. Only by setting environmentally responsible standards can park managers protect the environment while providing access to these resources.
How can advancements in drilling systems and technologies reduce environmental impacts? Several new practices and processes are being developed.
THE MORE YOU KNOW, THE LESS YOU NEED
The drilling process is considered a complex activity composed of a set of processes interrelated by purpose, sequence, and time. Millheim 6 defined the drilling process as a system in the mid 1980's. The systems themselves are made up of sub systems. The rig and the surface equipment is a complex subsystem of the drilling process. Pedersen and Essendrop defined the drilling system (Millheim's rig subsystem) comprised of six subsystems 7 : drilling control system, drilling machine, pipe handling, blow-out-preventer (BOP) and handling system, mud supply, and mud return 8 . Though defined for the offshore jack up design environment, many of the concepts have transitioned to the onshore rig design.
As knowledge has increased, technology has allowed the industry to contact almost 60 times the volume of subsurface rock material that could be accessed in 1970 while occupying only one third the surface area 9 ( Figure 3 ). The technology of drilling and production can be unobtrusive and highly efficient if the technologies are used concurrently on the same well. In the past 20 years, technology has been able to significantly reduce the impact that drilling operations have on the environment. According to the Natural Gas Supply Association, some of the key technology developments over this time period have enabled the following.
• 22,000 fewer wells are needed on an annual basis to develop the same amount of reserves as were developed in 1985.
• Had technology remained constant since 1985, it would take two wells to produce the same amount of oil and natural gas as one 1985 well.
• Drilling wastes have decreased by as much as 148 million barrels due to increased well productivity and fewer wells.
• The drilling footprint of well pads has decreased by as much as 70 percent due to advanced drilling technology.
• By using modular drilling rigs and slim hole drilling, the size and weight of drilling rigs can be reduced by up to 75 percent over traditional drilling rigs.
• Had technology, and thus drilling footprints, remained at 1985 levels, today's drilling footprints would take up an additional 17,000 acres of land.
Documented best practices and lessons learned have greatly reduced environmental issues associated with drilling operations. The oil and gas industry just needs to combine these practices into EFD systems, then demonstrate their effectiveness in real applications.
REDUCE, REUSE, RECYCLE
The energy industry has progressed in taking into consideration environmental issues. Shell Exploration and Production Company established a Rig Waste Reduction Pilot Project in 2001 to identify potential waste reduction strategies. 10 Their preferential hierarchy that they developed is: reduce, reuse, recycle, recover and dispose. The majority of the total waste stream was found to be drilling discharges and non-hazardous oilfield waste. Mud use was reduced by 20% and mud component packaging was reduced by 90% through a combination of solids control efficiency, cuttings dryer technology and bulk mixing equipment. In addition, Shell implemented a sorting, compaction and recycling process for solid waste (consumables and trash) to reduce landfill disposal.
Schlumberger has introduced a total waste management program to mitigate rising quantities of landfill waste. 11 Benefits included an overall improvement in general housekeeping that reduced health and safety exposure and a general increase in environmental awareness and concern. As a result, the recommendation is made to ensure that the operator establishes a waste management program that covers all exploration, drilling and production activities.
Mobil implemented a waste management program for the Hugoton field operations. 12 The waste management system decreased overall waste-related costs while improving compliance assurance and reducing potential liability. The key element was a mechanical solids control system consisting of a semi-closed loop centrifuge flocculation dewatering process that removes solids for burial on location.
Chevron has published ten years of lessons learned concerning bio-treating exploration and production wastes. 13 They have successfully implemented bioremediation in diverse climates and in remote locations. The most common biological treatment techniques in the exploration and production industry are composting and land treatment. Land farming and composting have been successfully used for drilling wastes. 14 There is currently an industry joint venture, sponsored by GPRI and the U.S. Department of Energy -National Energy Technology Laboratory to reduce waste volume of liquids at the rig site. This "Mud Pit Cleanup and ReUse" project aims at recovering fresh water and solids-free brine at the rig site for re-use in drilling operations.
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RESTORE
Reducing, reusing and recycling are all important. For sustainability, more is required. The relationship between business and a healthy environment is critical to long-term sustainability. Paul Hawken has defined sustainability as a stable relationship between human culture and the living world. 16 Business practices need to address life on earth. Ecology and commerce need to be united. As industry weighs various business practices, a systematic methodology of understanding and guiding practices may be implemented to, first, develop an understanding of the tradeoffs. To develop an understanding of what is possible, an understanding of the current situation is required.
Today's industry is accepting costs of environmental stewardship. These costs must be reconciled with commercial interests. Environmental restoration, economic prosperity and social stability may co-exist and do not have to be in conflict.
WHAT GETS MEASURED, GETS DONE
The Nutrition Labeling and Education Act of 1990 mandated that food companies were required to use a new food label on most food products beginning in 1994. This new label, as illustrated in Figure 4 , provides information to enable users to make educated decisions about what they eat.
The US Green Building Council (USGBC) has develop an analogous label, as illustrated in Figure 5 , for summarizing how a building measures up in their Leadership in Energy and Environmental Design (LEED) Green Building Rating System TM . The LEED system encourages and accelerates the use of green building practices through the implementation of universally understood and accepted tools and performance criteria.
The methodology being developed to measure tradeoffs concerning environmental issues related to oil and gas operations can use the nutrition label and the LEED system as analogies.
USGBC LEED PROGRAM
The USGBC LEED program can serve as a model for the methodology to measure tradeoffs concerning energy production. The LEED program is a nationally accepted benchmark for the design, construction and operation of green buildings, providing a tool to measure a building's performance and impact. The LEED program measures performance in five areas: sustainable site development, water savings, energy efficiency, materials selection and indoor environmental quality. The rating systems were developed through a consensus-based process involving a diverse group of practitioners and experts representing a cross-section of the building and construction industry. The various LEED rating systems that are administered by the USGBC are illustrated in Figure 6 . Figure 7 illustrates a completed scorecard for a newly constructed building.
THERE IS ONLY ONE BUS In 1963, Buckminster Fuller published his Operating Manual for Spaceship Earth
17 where he discusses the limited supply of energy onboard the spaceship and the need to harness the energy being supplied by the sun. Another way of looking at it is to realize that everyone is on the same bus and that there is a limited amount of fuel in the tank. While technologies are being pursued to harness solar energy, technologies need to be developed and implement to ensure that current energy supplies are being used efficiently and that all new fuel supplies that are tapped are done in a manner that will not be detrimental to those onboard.
There are tradeoffs between energy needs and biodiversity values. Many areas that are potentially valuable for energy are also recognized for biodiversity values. Energy development can impact biodiversity. The energy industry needs to meet public demand for energy while at the same time meet society's expectations for corporate, social and environmental responsibility. Conservation organizations need to be a voice for biodiversity protection while appropriately partnering with industry, recognizing that there is a balance to be struck between economic development, energy production and the conservation of biodiversity.
The EFD program is aimed at tapping the fuel supplies in an environmentally sound manner. The scorecard methodology aims to measure that manner that demonstrates its effectiveness.
Everyone on the bus has a vested interest in ensuring that sources of energy are produced using technologies that are not harmful. To develop the tradeoffs scorecard methodology, the decision was made to get as many stakeholders around the same table as possible, including, industry producers and service companies, ecologists, botanists, toxicologists, zoologists, wildlife managers, endocrinologists, environmentalists, regulators, and others. An initial workshop was held with representatives from government, academia, non-profits, industry and environmental organizations with the objective of discussing the tradeoffs associated with producing energy.
The focus of the workshop was the drilling systems and operations, recognizing that there is a need to also consider other oil and gas systems and operations. Environmentally Friendly Exploration and Production scorecards could be developed, as a minimum, for:
An EFD scorecard for drilling systems and operations was selected as the first scorecard to be developed due to the ease at which a boundary can be established around the time and location for the systems and operations.
WHAT GETS IDENTIFIED, GETS DEALT WITH
The objective of the EFD scorecard is to have a methodology that is meaningful, simple and easy to implement and understand. Five attributes were identified as meaningful to evaluate: site (soil/sediment), water, air, biodiversity and societal issues.
Each attribute could have several layers or sub-attributes. As an example, within biodiversity, the potential threat to wildlife due to proximity or timing of operations could be assessed and minimized. Drilling activities have the potential risk of temporarily interfering with wildlife. The risk can be mitigated through proper planning and monitoring of operations.
The EFD scorecard has two point levels. First are the prerequisites -those items that must be done. Secondly are optional credits -those items that are considered best practices, going beyond minimum operating requirements.
Prerequisites for the various attributes could be rules and regulations that govern the drilling locations. Within the United States, regulations vary by state and address various environmental issues by geographic location. Argonne National Laboratory, in conjunction with Marathon and Chevron, has developed an interactive website that summarizes state and federal regulations governing drilling waste. The website also provides descriptions of various technical options as well as case studies and other information. 18 Interaction between operations and wildlife can vary greatly depending on the area of operation and the kind of wildlife present. There are certain times of the year when wildlife is more sensitive to external influences. Such times include migration, mating, birthing and spawning. Sensitive areas can be clearly displayed on maps and graphs. The recommendation is made to establish boundaries concerning time and distances -establishing exclusion zones at certain times of the year.
Where interaction is unavoidable, the following steps may be taken to minimize disruption:
• Scouting the sensitive areas and planning routes likely to cause least disruption.
• Staying clear of wildlife areas marked on the planning map to avoid sensitive areas.
• Banning hunting and fishing at all times.
• Instructing the crew not to intentionally harass or feed wildlife.
• Banning pets on all crew facilities.
• Reporting incidents and any significant problems with wildlife.
Conoco's St. Charles Field, located in the Aransas National Wildlife Refuge, is an example of profitable oil and gas operations co-existing with wildlife and nature. 19 The key learning from their effort is to ensure that operations are sensitive to the wildlife activities.
There are other best practices to minimize disturbances on wildlife populations that can be followed during drilling operations, including:
1. Pad locations should not be within 1,000 feet of the perimeter of an active wildlife location or within 1,500 feet of an endangered species' nest. 2. Each proposed pad location and the surrounding area should be field surveyed for the presence of endangered, threatened, and sensitive species and other environmental concerns, including water quality issues, prior to any construction activities and for final approval. 3. Pad locations should use every method and process available to minimize environmental impacts including, but not limited to:
A closed drilling fluid system shall be used. Stockpiling topsoil and installing a silt fence around the spoils pile, the location perimeter, new access roads, and all other locations as needed.
Lining all pits at the location with an appropriate impervious material and ensuring that all surface runoff and fluids at the location are captured onsite and properly disposed of offsite. Exposed or disturbed soil resulting from all pad construction shall be stabilized using native grasses/vegetation. Reclaiming the site to its original elevations using the stockpiled topsoil and replanting the entire area with native grasses/vegetation. Containment areas shall be constantly maintained and shall be periodically pumped clear of fluids and rainwater to minimize long-term soil contamination.
Texas A&M University has just announced creation of a Desert Research and Testing Center on the edge of the Chiuahua Desert near Pecos, Texas (reference). This center, created with the support from the Research Partnership to Secure Energy for America (RPSEA) aims at testing examples of low impact drilling systems in a real life demonstration, but in a controlled environment where performance can be measured more effectively with less harm to the environment. 20 The first systems to be tested will be low impact access roads. Part of this project is a "Disappearing Roads" competition established by Texas A&M University with the support of Halliburton to identify ways to move people and material to and from drill sites with minimal impact.
Another example would be the sub-attribute of aquifer protection under the water category. During the drilling operation, several strings of casing of reducing diameter are run and cemented in place. The critical casing string with respect to potential damage to an aquifer is the casing string that is set across the aquifer. The critical issues are related to 1) the drilling through the aquifer -following best practices to ensure that the drilled hole is in the best possible condition prior to running the casing, 2) the outer surface of the casing -to enable the cement to have adequate adherence to the casing, and 3) the cementing operation -again, following best practices to mitigate potential cement column degradation during the life of the well. • Disposal of inert wastes by a method other than disposal into surface water;
• Disposal of certain categories of low-chloride drilling fluid by land farming;
• Disposal of other drilling fluid down the annulus of a producing well or down the well bore of a dry and abandoned well prior to plugging, so long as the wastes are generated at that specific well site; and • Disposal of completion workover pit wastes by burial in a completion/workover pit.
Texas Railroad Commission Rule §3.8 also governs pit and surface waste management standards including standards for short-term pits such as drilling pits and completion/workover pits.
Texas Railroad Commission Rule §3.13 governs casing, cementing, drilling and completion requirements. The rule states that sufficient cement shall be used to fill the annular space outside the casing from the shoe to the ground surface or to the bottom of the cellar. This rule implies that all aquifers will have cement across the interval. Cement quality is governed by the rule. Alternative methods of fresh water protection may be applied for to the appropriate district director.
The operator is responsible to be in compliance with the Texas Railroad Commission rules. Rule §3.13 is intended to ensure that all usable-quality water zones are isolated and sealed off to effectively prevent contamination or harm and that all potentially productive zones are isolated and sealed off to prevent vertical migration of fluids or gases behind the casing. Surface casing must be set and cemented to protect all usable-quality water strata. Sufficient cement must be used to fill the annular space outside the casing from the shoe to the ground surface.
Various publications 22, 23, 24, 25, 26 discuss best practices associated with drilling operations to protect aquifers. Key items include:
• Install and cement a sufficient amount of casing from the base of the aquifers to the ground surface.
• Use pipe rotation or high annular velocities to increase the flow energy of the cement during to ensure mud displacement.
• Communication is a key -ensure that all are informed and understand daily goals and objectives. Use a cement formulation that minimizes shrinkage during setting.
Another sub-attribute related to water is surface contamination. During drilling operations, best practices need to be followed to minimize risks associated with potential surface contamination. Minimizing potential surface contamination will lower the risk of damaging artesian springs or aquifers. Large volumes of drilling fluids need to be handled correctly. In addition, rain runoff from the site must be properly contained.
A water runoff management program may be developed to control discharges of waste water to the environment. 27 Current practices typically include a moat (levy around the entire drill pad site. Any fluids collected in the moat are pumped into the reserve pit. All fluids collected in the reserve pit are then hauled off location for proper disposal. Controlling run off is one of the top environmental concerns. The program could include collection ditches/berms around all areas and equipment that could discharge contaminated water. An incentive scheme could also be a part of the program with a bonus or penalty based on the volume of water discharged and the hydrocarbon content of the discharged water.
Other industry practices were reviewed. Key best practices include:
• Whenever possible, use previously impacted terrain for access routes 28 • Use close-looped and containerized mud system 28 • Use 'environmentally friendly' substitutes for hydraulic fluids and lubricating compounds 28 • Use integrated waste minimization practices and innovative restoration alternatives 28 • Ensure that all equipment installed on the site is designed so that any effluent is caught and is not discharged directly in the environment 29 • Use environmentally friendly drilling fluids 29 • Establish a management system of authorized chemicals with a storage system, safety data files and a stockmanagement program 29 • Reduce waste volumes at the source: water consumption, optimized recycling of mud, reduction of cuttings volumes 29 • Establish a cuttings management plan 29 The initial workshop identified the various attributes and sub-attributes. Based on the workshop, the need for continue dialogue among all stakeholders was strongly recognized. The scorecard development team is in the process of reviewing best practices, the literature, regulations and facilitating meetings and dialogue with various experts in order to develop the scorecard as well as how to implement the measurement process for the various credits. An initial draft of the scorecard is illustrated in Figure 8 .
NOW WHAT? THE SYSTEMS APPROACH TO SELECTION
With the prototype scorecard methodology in hand, it is now time to fully develop an EFD scorecard for a given location and test it out.
The scorecard team will be working with stakeholders to apply the methodology to develop ecosystem-specific scorecards for semi-arid and wetland ecosystem locations. Over the coming year the EFD scorecard will be used to investigate the tradeoffs associated with drilling operations in a coastal margin ecosystem.
Concurrently with development of the EFD scorecard, Texas A&M, HARC and their partners are developing a number of other low-impact technologies. We expect to demonstrate these systems in upcoming field trials by our sponsors.
Finally as part of the A&M/HARC EFD program, researchers at Johns Hopkins University and Texas A&M are developing a new approach to identify the environmentally friendly technology that could be included in an EFD system. The systems approach works with matrices of many possible solutions to assist in choosing the system (or combination of technologies) that should be selected for specific drill sites. This quantitative approach to evaluate systems is being used to design preliminary plans for well sites along the Gulf Coast in Texas. 30 A prototype web-based systems optimization program is available for industry sponsors to choose among the more than 70 technologies identified by the EFD team that reduces the environmental footprint of drilling operations. 
